[Abstract] Hydroxyproline-rich glycoproteins (HRGPs) are major protein components in dicot primary cell walls and generally account for more than 10% of the wall dry weight. As essential members of the HRGP superfamily, extensins (EXTs) presumably function in the cell wall by assembling into positively charged protein scaffolds (Cannon et al., 2008) that direct the proper deposition of other wall polysaccharides, especially pectins, to ensure correct cell wall assembly (Hall and Cannon, 2002; Lamport et al., 2011a) . Extensins are recalcitrant to purification as they are rapidly cross-linked into a covalent network after entering the cell wall but there exists a short time window in which newly synthesized extensin monomers can be extracted (Smith et al., 1984; Smith et al., 1986) by salt elution. A detailed protocol for extraction of extensin and other wall structural proteins has been described earlier (Lamport et al., 2011b) .
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The protocol elaborated here provides an approach to studying the self-assembly of extensins and potentially of other cell wall components in vitro using AFM.
Materials and Reagents
1. Monomeric extensin proteins extracted from different plant cell suspension culture lines. For a detailed extensin extraction protocol see Lamport et al. (2011b 
Prepare protein stock solutions
Dissolve protein samples to a concentration of 1 mg/ml in filtered buffer as stock solutions using 1.5 ml Eppendorf Protein LoBind Tube (see Note 1). Aliquot stock solutions into 100 µl fractions (see Note 2) . Store stock aliquots at -20 °C before use.
Preparation of imaging "substrate" (see Note 3)
Clean one glass slide with ddH2O followed by rinsing with 75% ethanol. Air dry the After the start of scanning, first allow the system to scan for 2 min to stabilize the probe and adjust the instrument to surrounding environmental vibrations. Then manually lower the "Set Point" value until surface features start to appear on the height image. Imaging optimization can be achieved by adjusting "Set Point" and "Integral Gain" values. Finally, the "Scan Points" and "Scan Lines" can be increased to 512 or even 1,024 (see Note 10)
for more pixels in each image thus enhance the image quality.
For the determination of self-assembly pattern, take at least five images at five different locations on the HOPG surface for each sample.
D. Image processing
Images need to be flattened using the "flatten" function in IGOR Pro software before any measurements. Information of height (i.e., the diameter) and length of a molecule can be directly measured on the images using the IGOR Pro software. The default color setting of the images is grey but IGOR Pro has a variety of built-in color schemes that can be used to false-color images afterwards. In the meantime, the contrast and brightness of each image can also be adjusted for a better presentation of the image. 2. Repeated freezing-thawing will lead to protein degradation and unexpected aggregation. Use one aliquot per experiment to help prevent such damage to the protein stocks.
3. In AFM imaging, the surface on which sample solutions are deposited is called "substrate". We used HOPG for imaging of proteins due to its hydrophobicity, which allows the stable binding of proteins to the surface. To study other wall components, for instance wall polysaccharides and cell wall itself, other substrates such as mica (for polysaccharides) or charged glass slides (for cell wall) can be used as alternatives to ensure the binding of sample to the substrate surface.
4. Depending on the purpose of the experiments, various protein concentrations can be used. From our experience, a low protein concentration (5 or 10 µg/ml) will benefit in the observation of extensin single molecular assembly while a higher concentration (50 µg/ml) will result in an orderly formed network.
5. HOPG will get thinner after multiple uses, thus making it progressively more difficult to obtain a new visually flat surface. Based on its original height dimension (1 mm), a replacement is recommended when the HOPG reaches less than 0.4 mm in height.
6. Similar to Note 4, the length of incubation time also determines the pattern of observed self-assembly. Usually after longer incubation, a well-formed extensin network is observed. From our experience, the attachment of extensin molecules to the HOPG surface happens quickly. Incubation time as short as 1 min is sufficient for the binding of extensins to HOPG.
7. The use of regular paper towels is not recommended since there might be unexpected fibers or debris that might contaminate the sample surface.
8. Use a slow scan rate at first to protect the probe, the "Scan Speed" is automatically set upon the selection of "Scan Rate".
9. Use a low "Integral Gain" in the beginning to protect the probe. This value can be elevated in a later scan for better image quality. Add 25 ml water to 75 ml 100% ethanol to make 100 ml 75% ethanol
